INTRODUCTION
The propagation of seismic waves through visco-acoustic media is affected by frequency-dependent absorption which results in loss of signal strength and bandwidth. Complex variations in attenuation, if not accounted for, can severely compromise both the amplitude and phase of the migrated data. This in turn affects the ability to accurately predict reservoir properties (Best et al., 1994) . Thus, there is a need to compensate for the frequency-dependent absorption during the processing of the data.
Frequency-dependent absorption is often described by the quality factor Q where a low Q means a more severe effect. A complete correction of Q-related absorption could be done through a two-stage process: Firstly, a Q model is estimated and secondly, the Q absorption effect is compensated for through Q-PSDM. Two commonly used approaches for the estimation of Q are: 1) the spectral ratio and 2) the centroid frequency shift methods (Sams and Goldberg, 1990; Quan and Harris, 1997) . The main problem with the first method is that there are many factors affecting amplitudes, including transmission/reflection effects, scattering, source and receiver directivity, or radiation patterns. These factors are assumed to be frequency independent, so they should not influence Q estimation, but are difficult to exclude from the analysis. The second method estimates a Q model by measuring the changing spectral features of the signal as it travels through the earth with the centroid frequency shift being one of the most often used characteristics of the spectrum. Quan and Harris (1997) developed a method for estimating seismic attenuation based on the frequency shift data. Hu et al. (2011) designed a source amplitude spectrum fitting function to handle asymmetric source amplitude spectra. The shape and bandwidth of the function are determined by two independent parameters, which make it feasible to fit various asymmetric source amplitude spectra. However, the fixed wavelet fitting function cannot describe the real source wavelet accurately, and the accuracy of Q tomography is limited by the error in fitting the source amplitude spectrum. Xin et al. (2014) proposed to adaptively apply a correction to the measured centroid frequency to account for any deviation from the predicted value through tabulating the absorption effect for different accumulated dissipation times.
Centroid frequency shift based approaches use the measured centroid frequency to represent the whole spectrum. In practice, this measurement is prone to be affected by noise and thus leads to unstable inversion results. In this paper, we extend the adaptive centroid frequency shift Q tomography approach in two ways: Firstly, instead of measuring the centroid frequency of the whole spectrum, we detect the frequency bands with good S/N and measure the dissipation time using only the amplitude spectrum within those frequency bands. And secondly, we measure the dissipation time from both pre-migration CDP gathers and post-migration CIGs. The post-migration data is less affected by diffracted waves, cross-talk events and residual multiples, while the premigration data do not have migration stretch and are not affected by velocity errors. During Q tomographic inversion, weighting functions are designed to use the advantages of both types of measured information.
METHOD AND RESULTS
Let us assume that S(f) is the amplitude spectrum of a source wavelet and R(f) is the amplitude spectrum of the same wavelet after passing through a visco-acoustic medium. The relation between these two spectra can be expressed as
 where G is assumed to be a frequency-independent factor including amongst others the effects of geometrical spreading and reflection/transmission coefficients. H(f) describes the attenuation effect, which is formulated as
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where Q is the quality factor, here we assume Q is frequency independent, v is the seismic wave velocity, and t* is the dissipation time integrating the effects of both velocity and Q along the ray path.
At frequency f a and f b , we have
where R(f a ) and R(f b ) are the RMS amplitudes of the frequency bands whose central frequenc ies are f a and f b , respectively. This will lead to ) (
For a given source wavelet, S(f a )/S(f b ) is a constant value, thus
where a and b are constant values. This shows the accumulated dissipation time is linearly related to the log of the spectral ratio of two different frequency bands before and post absorption. Thus, the frequency bands with good S/N ratio can be selected to fit for t* for further Q inversion.
For a given dissipation time, we can precisely calculate the amplitude ratio between two frequency bands by applying the corresponding absorption filter to the source wavelet, thus we can build an amplitude ratio table indexed by the dissipation time. The absorption effect is determined solely by the dissipation time, independent of the actual path the seismic wave has propagated, which allows us to pre-compute and map the measured amplitude ratio to the tabulated dissipation time. The last step is to invert dissipation time to Q.
The linear system for the inversion is built based on equation (1),
where l i,j,k , v i,j,k and ΔQ -1 i,j,k are the length of the ray segment, the velocity and the perturbation of the inverse Q, respectively, in each grid along the ray path. Δt* is the perturbation between the dissipation time computed from an initial Q model and the dissipation time measured in the data. This linear system is solved by a preconditioning Least-Square Conjugate-Gradient (LSCG) algorithm. Because there are two types of measured dissipation time, one from pre-migration data and the other from post-migration data, a weighting matrix is designed to make use of the advantage of both types of the data: 
where Δd 1 is the dissipation time measured from the premigration data. W 1 puts more emphasis on the data measured from far offset to reduce the effects of residual multiple. Δd 2 is the dissipation time measured from the post-migration data, and W 2 puts more emphasis on the data measured from near offset to reduce the effects of migration stretch. R is a smoothing operator to improve the stability of the inversion.
We propose the following flow for Q tomography using dissipation time:
• pick events in depth-migrated CIG gathers in the imaging domain and map back to seismic input data domain through ray-tracing, • convert the PSDM CIGs to time domain and de-stretch by reverse NMO, • measure the dissipation time associated with the picked events from the pre-migration data and the post-migration data,
• estimate the inverse Q model through tomographic inversion according to equation (6).
A synthetic test was carried out to verify our approach. We apply our Q tomography flow to a complicated visco-acoustic synthetic dataset generated from a model containing lateral Q variations (Figure 1) . The forward modelled seismic data is generated using a Ricker wavelet with added white noise ( Figure 2 ). The Q effect can be seen as the shape of the wavelets is distorted. Figure 3 compares the spectrum of the events in Figure 2 . Noise dominants the spectrum for frequencies higher than 30 Hz.
By picking the events in the migrated section and ray-tracing back to the unmigrated data domain. The dissipation time of the migrated data and the unmigrated data is measured for the picked events, which is then used to estimate the Q model with our tomographic inversion. In the second example, we apply our dissipation time Q tomography flow to seismic data acquired by variable-depth streamers offshore Australia. Figure 5 shows the inverted Q volume which is overlaid on the Q-PSDM stack. The distribution of Q is consistent with the geologic structure. Figure 6 compares the events between the conventional processing flow and the QTomo/Q-PSDM flow. Figure 6a shows the conventional Q compensation result, which applied phase compensation before migration and amplitude compensation after migration using a constant Q of 150. Figure 6b shows the model-driven Q compensation result, which compensates for phase and amplitude simultaneously during Q-PSDM using the Q volume inverted from the Q tomography. The events in Figure 6b look more symmetric and are closer to zero phase. Figure 7 compares the spectrum of stack sections without Q compensation (red curve), the conventional processing flow (blue curve) and the QTomo/Q-PSDM flow (green curve). The latter gives a broader, flatter spectrum, closer to the source wavelet. Figure 8 shows the stack section comparison. The model-driven compensation process has done a reasonable job of restoring the amplitudes and phase of the data. The seismic events in the Q-PSDM section are higher resolution and more continuous; the faults are sharper. 
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CONCLUSIONS
We developed a new approach for Q tomographic inversion using dissipation time information measured from both premigration data and post-migration data using frequency bands with good S/N. These measured data will then be used to reconstruct the attenuation distribution with high accuracy. Tests show that our method can be used to estimate attenuation that may originate from anywhere within the overburden.
